ABSTRACT
Strains of Trypanosoma cruzi characterized as different Types or biodemes 1 3 have exhibited well-marked differences in their response to chemotherapy, either with nifurtimox or benznidazole 2 . A variability in the susceptibility between the strains of biodeme Type II has also been observed 2 and, considering the mean cure rates obtained by the evaluation of 15 strains of the referred biodeme, they were classified as presenting medium to high susceptibility. A wide individual variability of the cure rates between them has been detected. These results differ from those obtained for the biodeme Type I strains (Z2b), that showed high susceptibility and for the biodeme Type III strains (T. cruzi I), with a high degree of resistance 2 .
In the present study we aimed to investigate the susceptibility of clones obtained from the 21 SF strain, classified as biodeme Type II (T. cruzi II). Biological and isoenzymic characters of the isolated clones reproduced the patterns of the parental strain 7 . Molecular characterization of the clones isolated from the 21SF strain has been performed by the restriction fragment length polymorphism (RFLP) of the kDNA 8 . A high percentage of genetic similarity has been demonstrated for the parental strain and its clones (67 to 100%, for restriction endonuclease Rsa I and 83 to 100% for Hinf I), although a low degree of divergence has been observed. Considering the above results, it is important to investigate the responses to chemotherapy of clonal populations of the 21SF strain, to clarify whether the variable response to chemotherapy, already demonstrated between the various strains classified as biodeme Type II, corresponds to differences in the susceptibility of its clones. It is important to investigate if there is any relation between resistance to chemotherapy and clonal constitution, taking into account not only the similarities observed, but also the dissimilarities that have been detected in some clones 8 .
MATERIAL AND METHODS
Trypanosoma cruzi strain and clones. The 21SF strain of T. cruzi was isolated from a patient in the acute phase of Chagas' disease, from São Felipe, Bahia State and classified as biodeme Type II, by Rocha Filho 15 .
Five clones of this strain, previously obtained by micromanipulation and isolation investigation. These clones were identified as 21SF-C1, 21SF-C2, 21SF-C3, 21SF-C4 and 21SF-C5 and were characterized according to the biological and isoenzymic characteristics 7 and also submitted to molecular characterization 8 .
Percentiles of similarity resulting from the analysis of the RFLP of the several schizodemes obtained from the parental strain and its clones 8 are shown in Table 1 .
Mortality: the cumulative mortality was evaluated from the initial day of treatment until 30 days after the end of treatment, when the cure tests were performed. Animals surviving at the end of experiment were sacrificed by exsanguination after anesthesia, and blood was collected for subinoculation, serology and hemoculture.
Cure rates were evaluated through the direct study of parasites in peripheral blood and by cure tests: hemoculture, subinoculation of the blood into newborn mice and xenodiagnosis.
Hemoculture: 0.5ml of blood from the treated mice was cultivated using Warren medium: Hemoculture examination was done on 10, 20, 30 and 45 days after day 1.
Subinoculation was performed by intraperitoneal injection of 0.2ml of blood from each treated mouse in 5 newborn mice and tests of parasitemia in these animals from the 12 th to the 20 th day after inoculation. Xenodiagnosis was done using five 1 st stage nymphs of Dipetalogaster maximus, and examined on the 30 th and 60 th days.
Serology. Titers of specific anti-Trypanosoma cruzi antibodies in the serum collected from each mouse, treated and untreated, were evaluated by indirect immunofluorescence test, using as antigens culture forms of the parasite and goat anti-mouse fluoresceinated IgG for the secondary antibody. Figure 1 shows the parasitemic curves obtained from mice infected with the 21SF-P (parental strain) and the clones 21SF-C1 and 21SF-C5, (treated and untreated controls). The other clones showed irregular profiles with parasitemic peaks from 14 to 24 days post-infection, characteristics of biodeme Type II. Treatment has determined progressive decrease in the parasitemia, with negativation by direct examination of the peripheral blood, from the 20 th day after initiation of treatment.
RESULTS

Parasitemia.
Mortality. Table 2 shows the mortality, evaluated between the 90 th to the 120 th day after the end of treatment, for treated and untreated animals in the various experimental groups. Mortality varied from 30 to 66% in the treated groups and from 60 to 90% in the untreated controls.
Cure tests. Results of the parasitological cure tests are expressed in Table 3 . Mice infected with the parental strain (21SF-P) showed a 25% parasitological cure. Mice infected Experimental groups. For the present investigation, six experimental groups of 40 swiss mice weighing 15 to 20g were used. Each group was inoculated with 5x10 4 trypomastigotes obtained from the blood of mice infected with the parental strain and each clone, respectively. Parasitemia of the infected mice was evaluated daily during the acute phase, from the 7 th day post-infection.
Treatment with benznidazole. From each experimental group, 30 mice were submitted to treatment with benznidazole and 10 mice were maintained untreated as controls. Treatment was initiated on the 14 th day of infection for all the clones and the parental strain. Benznidazole was administered orally, by gavage, at the doses of 100mg/kg body weight/day; five doses were administered per week, during 90 days. Parasitemia of the treated and untreated groups were evaluated weekly. Means of parasitemia were expressed by evaluation in 5 animals of group. with the various clones presented cure rates that varied from 30 to 100%. Clone 21SF-C5 presented the lowest cure rates (30%), similar to that obtained for the parental strain (25%).
Serology. Serological tests revealed a variation in the titers of anti-T. cruzi antibodies in the different groups as shown in Table 4 . The highest titers for treated mice were observed in those infected either with the 21SF-P (parental strain) or with clone 21SF-C5 (1:80 to 1:640). Titers for treated mice infected with clones 21SF -C1, C2, C3, C4 varied from negative to 1:160. Untreated controls showed titers from 1:160 to 1:640.
DISCUSSION
The data obtained in the present study revealed a variability of responses to chemotherapy of the 5 clones obtained from the 21 SF strain of T. cruzi. These data mimic the behavior registered for 15 strains of biodeme Type II, isolated from different geographical areas (including São Felipe -Bahia State); strains of São Felipe present cure rates of 28.5 to 100% of the infected and treated mice, similar to those obtained with the clones, as shown in the present study.
Investigations into the clonal constitution of the 21SF strain (biodeme Type II), in previous studies by Campos & Andrade 7 , have shown a homology between the isolated clones. It has phosphoglucomutase (PGM), glucose phosphate isomerase (GPI), alanine aminotransferase (ALAT) and aspartate aminotransferase (ASAT), expressed the zymodeme Z2 11 , that corresponds to the biodeme Type II, suggesting the predominance of a principal clone in this strain. The differences in response to chemotherapy between the various clones of the 21 SF strain, could be responsible for the behavior of the parental strain that, in the present study, showed a 25% cure rate, despite presenting highly susceptible clones in its composition.
A B C
Clones resistant to benznidazole have been obtained by Murta & Romanha 13 from the Y strain, based on the selection of naturally occurring resistance to benznidazole. Clones submitted to treatment with one single high dose of benznidazole for 9, 12 or 25 passages in mice, became highly resistant as compared with the Y wild strain that was very sensitive. The authors suggest that the resistance of T. cruzi strains seems to be related to the sensitive/resistant clone ratio in the population. In a previous study by our laboratory 10 , an attempt was made to select, by prolonged treatment, populations resistant to benznidazole and to investigate their isoenzymic characteristics, as compared with the original strain. With this objective, prototypes of the three different biodemes (Peruvian, Type I; 21SF, Type II and Colombian, Type III) were tested. No differences in the isoenzymic patterns of populations isolated from treated and untreated mice could be detected, which indicates absence of clonal selection or genetic marker alterations in the isoenzymic profiles , confirming its high susceptibility. In addition, these authors detected a variability of response in the resistance to chemotherapy, of isolates from T. cruzi II classified into two different genotypes (32 and 39). Considering its response to chemotherapy, genotype 39 isolates presented a dual pattern of response, being either partially resistant or susceptible. According to these authors, this dual behavior has also been observed among other biological properties of stocks of genotype 39 17 . These results confirmed the association between phylogenetic diversity with biological characters 9 15 and chemotherapeutic responses 2 3 4 . The percentile of clonal similarity, as defined by Solari et al 16 by comparing restriction fragment length polymorphism (RFLP) of the 330bp fragment of variable regions of kDNA minicircles in the schizodemes of parental strain and clones, has been previously determined by Campos et al 8 as shown in Table 1 . No correlation has been detected between the percentile of similarity and susceptibility to chemotherapy. The clone with the lowest similarity (21SF-C5) has shown identical susceptibility (30% cure rate) to the parental strain (25%). Apparently this clone is responsible for the lower responses to chemotherapy observed in mice infected with the parental strain, when compared to those infected with other components of the clonal population of the 21SF strain. This could suggest that phenotypic characteristics, such as the response to chemotherapy might differ even in the clones with a high degree of genetic similarity, evaluated by the schizodeme profiles.
Probably, this variation in susceptibility is responsible for failure of chemotherapy in a percentage of patients in endemic areas, even when infected with strains of T. cruzi that revealed a medium to high susceptibility.
The challenge for the chemotherapy of Chagas' disease is to detect drugs that could eliminate the more resistant clones present in the strains with high or medium susceptibility, as represented by biodeme Type II (T. cruzi II) and for the overall resistant clones of the biodeme Type III (T. cruzi I) strains, as recently demonstrated by Camandaroba et al 6 .
